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The transverse polarization of A" hyperons produced in the inclusive ep reaction at the 27.6 GeV 
beam energy is assumed to appear mostly via scattering of the strange quark in a color field. Results 
of application of such an idea to the preliminary data of HERMES are presented. Contributions of 
E", H, and E* resonances to the polarization are taken into account. 
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I. INTRODUCTION 

Polarization of A° hyperons has attracted a lot of ex- 
perimental as well as theoretical activity almost since the 
very moment of its discovery. Investigations of the phe- 
nomenon received a specially great impetus in 1976 due 
to the striking experimental results obtained at FERMI- 
LAB, where the hyperons produced in pN collisions at a 
300 GeV proton beam energy were highly polarized [l|. 
The polarization was transverse and negative, directed 
opposite to the unit vector n ex [p(, x pa] , where ph and 
Pa are the beam and hyperon momenta, respectively. 

Only this direction is allowed by the parity conserva- 
tion in strong interactions provided the incident particles 
are unpolarized. The results turned out to be in dis- 
agreement with the expected negligible polarization in 
high energy processes as the helicity is conserved in the 
limit of massless quarks (hereafter, let us imply under 
polarization just transverse one). 

The polarization has also been observed in a variety 
of other hadron-hadron reactions at different kinematic 
regimes. Its features qualitatively coincide in almost all 
the reactions, for instance, being insensitive to the inci- 
dent particle energy, exhibiting the roughly linear growth 
by magnitude with the hyperon transverse momentum 
Pt and being negative. The only known exception is the 
K~p process, where the polarization sign has been found 
to be positive. 

The A" wave function facilitates to some extent the 
theoretical study. The SU(6) symmetry requires the spin- 
flavor part of the wave function to be combined of ud 
diquark in a singlet spin state and strange quark of spin 
1/2, or formally |A)i/2 — |u(i)o|s)i/2, where the subscrip- 
tions denote the spin states. Thus, one might entirely at- 
tribute the A*^ polarization to its valence strange quark. 

Certainly, there have been proposed many approaches 
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attempting to account for the results (see, for example, 
reviews @) y, 0] and the references therein). However 
there is still no model, which would be able to describe 
the complete set of the available measurements. 

According to the empirical rules proposed by DeGrand 
and Miettinen, the polarization sign depends on whether 
the s quark is accelerated (increases its energy) or decel- 
erated (decreases its energy) in the A'^ formation process 
[5|. To illustrate, there are no valence s quarks in the 
initial state of the pp reaction so that they come from 
the quark sea to form the final A". But the sea quarks 
predominantly populate small x-states and consequently 
increase their average energy coming in the valence con- 
tent of A" [x is Bjorken variable). Here the polariza- 
tion is negative. Contrary, incident pseudoscalar kaons of 
the K~p reaction already contain valence strange quarks, 
which are mostly decelerated in the hadronization pro- 
cess. In this case, the sign is positive. Similar ideas 
were implemented in flux-tube models with orbital angu- 
lar momentum _6|. 

The polarization in photoproduction has been investi- 
gated, for example, in experiments on high energy 7iV 
scattering performed at SLAG 0] and GERN @]. How- 
ever, statistical accuracy of the experiments is indecisive 
and would hardly enable one to conclude on the magni- 
tude or on the sign of the polarization. 

In light of the scarce statistics for the hP photoproduc- 
tion, the HERMES experiments on the 27.6 GeV positron 
beam scattering off the nucleon target acquire a particu- 
lar status providing a good opportunity for observation of 
the polarization in electroproduction. The collaboration 
has preliminary measured nonzero positive transverse po- 
larization [9] , when most of the intermediate photons are 
quite close to the mass shell, i.e. Q^ = —{pd —Ve.ff' ~ 
GeV^, where Pei,f are the 4-momenta of the initial and 
scattered positrons, respectively (quasi-real photopro- 
duction). 

Experimental properties of the polarization at HER- 
MES turned out to be reminiscent of those in the K^p 
reaction [l3|, which have been successfully described by 
a model assuming the polarization to appear mostly via 



strange quark scattering in a color field [li|, U^ ■ 

These arguments inspired us to apply the model to the 
data preliminary obtained by HERMES. In order to esti- 
mate the contributions of S'^jS, and S* resonances into 
account, we have generated the ep process by PYTHIA 
6.2 program [l3l |. 



II. QUARK SCATTERING MODEL FOR A° 

It has been known that electrons, when scattering off 
nuclei, are able to get polarization. Theoretically, it can 
be derived in QED by considering a process of Dirac 
pointlike particle scattering from static Coulomb poten- 
tial provided next-to-leading order amplitudes are taken 
into account |14l . [l5| . The corresponding formula reads 
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where P is the polarization vector, E,p, m and 9 are the 
energy, momentum by magnitude, mass and scattering 
angle of the electron, respectively, aem is the fine struc- 
ture constant, n ex [pi x p/], pi and p/ are the vectors 
of the electron momenta in the initial (z) and final (/) 
states, respectively. 

In [III I Szwed proposed to consider the A° polariza- 
tion as polarization of its valence strange quark using 
Eq. 11]). In other words, one should perform the follow- 
ing interchanges in Eq. ([T]): electron ^^ quark. Coulomb 
potential <-*■ color field {aem <-> Cas), where as is the 
strong coupling and C is the color factor. 

This approach has been applied to describe the polar- 
ization in the K~p reaction and successfully reproduced 
its main features at 2Cas—5.Q (while its theoretical value 
was found to be 2.5) and the s quark mass nis—O-b GeV 

m- 

We have expressed the model in terms of the variable 
C, the HERMES data depend on 
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where the index b refers to the beam, the z axis de- 
fines the beam direction. Note that ^ is invariant under 
Lorentz boosts. 

According to recipes given in [12l |. one should move 
to a frame, where the magnitudes of the initial and fi- 
nal s quark momenta are the same (originally called 5*- 
frame). It is reached by performing a Lorentz transfor- 
mation along the proton momentum . For this purpose 
one can write 
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where Pij are the 4- momenta of the scattering quark, p^f 
is its transverse momentum in the center-of-mass frame 



of the K~p reaction, while p = \/E'^ — ra^, pr and 6 
refer to the S-frame. 

On the other hand, using Eq. ([2]) leads to 
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+ (PTj-PTf), (5) 



where (pxi • Pt/) denotes the ordinary scalar product of 
the transverse momentum vectors. 

Assuming that pTi=0, after some algebra, one can ob- 
tain from Eqs. dS])-® that 



cos- 



^V^ 



V 



(i-O^ + vS' 



(1 - 0^ + v^ 



2^^{i-o' + ii-m^ 



where V{Vt) and ^ are defined by 
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Using relations ([6]) and ([7]), one can rewrite Eq. ([T]) as 



PitVr) 
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sign{^-l), 

(9) 

where the rules of DeCrand and Miettinen are expressed 
by the factor sign{^— 1). It originates from the unit vec- 
tor n in Eq. ([T|_as its direction depends on the quark 
source (e.g., see [ll|). Actually, £, is the longitudinal light 
cone momentum fraction of the initial quark carried by 
the scattered one. Therefore, when the quark is deceler- 
ated, i.e. ^ < 1, the polarization defined by Eq. ([9]) is 
positive, while it is negative at ^ > 1. Note that there is 
a kinematic restriction in this approach, imposed by Eq. 
([6]), since cos 61/2 < 1. It forbids the variable ^ to take 
values in the following interval 



1< C < 1 + V"i 



T: 



(10) 



but the situation can be improved by introducing contin- 
uous Ci{f) distributions of the quarks, for example. 

Plots of the polarization defined by Eq. ([9]) versus Vt 
(equivalently pt) for a few fixed values of ^ at 2Cas — 5.0 
are shown in Fig. [TJ The linear growth, representative for 
hadron-hadron reactions, is seen well on the upper panel 
for both the i^^p— like (^ — 0.2, solid line) and pp— like 
(f — 10, dashed line) events. On the lower panel, we can 
see that for ^ — 0.8 (solid line) the polarization reaches a 
plateau, while for ^ — 1.4 it grows taking maximal value 
by magnitude at Vr ~ 0.4 and then smoothly falls to 
zero. 

A plot of the polarization versus ^ for Vr=0.5 at 
2Cas = 5.0 is demonstrated in Fig. [21 It is also seen 



> 0.4 


^=0.2 
2Cct^-5.0 


^^^^^ 


iio.2 

°- 


^_^^-- 


^^--"^kCa 






-0.2 


^=10. 


- --., p->A 


-0.4 


2Ck^=5.0 





.~. 0.6 
> 0.4 



-0.2 r 

-0.4 r 

-0.6 





5=1.4-.,, 
2Ca=5.0 




2 _ 
H 

-*- 



A 



FIG. 3: Schematic illustration of the estimation of the indi- 
rect process contributions to the A polarization. 1) quarks q 
axe polarized in the scattering. 2) the quarks combine into the 
heavier resonances H transferring them some fraction of the 
initial polarization. 3) the resonances, thus polarized, decay 
into A" transferring, in turn, to the final hyperon some frac- 
tion of their polarization. An arrow sign over a letter denotes 
the polarization. 



FIG. 1: Upper panel shows plots of Eq. (|9]) versus Vt for 
^ — 0.2 at 2CQf3=5.0, which refers to the K~p— like event 
(solid line), and for ^ = 10 concerning pp— like one (dashed 
line). Lower panel shows a plot of Eq. ((9)l for ^ — 0.8 (solid 
line) and £, = 1.4 (dashed line). 
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FIG. 2: Plot of Eq. ^ versus ^ for Vt=0.5 and 2Ca,=5.0. 
Both regions of the positive (solid line) and negative (dashed 
line) polarization signs are seen. The restricted area according 
to Eq. ([TOJI is outlined. 



that for ^ < 1 the polarization is positive and linearly 
grows peaking at ^ « 0.75, afterwards it steeply falls 
down to zero. For ^ > 1.25, it is negative, quickly grow- 
ing by magnitude up to ^ « 1.6, afterwards decreasing 
very slowly. The restricted area according to Eq. (fTO|) is 
outlined as well. 



III. CALCULATIONS AND RESULTS 

The preliminary results of HERMES on the polariza- 
tion have qualitatively the same properties as those of 
the K^p process Q. It is positive and similarly depends 
on pt in both the K~p and ep reactions suggesting that 
closely related underlying physics may be responsible for 



such a picture. These similarities encouraged us to as- 
sume that quark degrees of freedom of the positron beam 
might play significant role in the polarization. Strange 
quarks may originate from the projectile like the valence 
those in the incident kaons. 

Thus, we have straightforwardly applied the model 
from [l2| to the quasi-real photoproduction. In order 
to do it, following assumptions were made. 

1) Since no information on the momentum of the initial 
quarks is available in the experiment, it was assumed that 
the lepton beam provides a coUinear quarks with the Q 
distribution, the free parameters being 2Cas and nis- 

2) The final s quark kinematic was determined as 



771, 

C/ = — c, 
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rriA 



(11) 



here C and pr refer to the detected A°'s. 

It is evident that A'^'s detected in experiments are pro- 
duced not only via direct processes but may appear in- 
directly as decay products of heavier hyperons, contri- 
butions of the latter to the polarization are presumably 
considerable. Hence for more adequate describing the 
process, one should consider such a possibility. 

To take possible contributions of E'^, S and S* res- 
onances into account, we used events generated by the 
PYTHIA 6.2 package [l3l|. For this purpose, we partially 
reproduced the HERMES acceptance imposing the fol- 
lowing limits 



PA > 4.35 GeV, 



PxA 



PzA 



> 0.15, 0.02 < 



PyA 



PzA 



< 0.1<12) 



Additionally, to reflect in the calculations, at least quali- 
tatively, the phenomenological ^ distribution, we selected 
only events with ^ > 0.52. 

The indirect process contributions to the polarization 
were estimated in three steps schematically illustrated in 

Fig. El 

First, all the quarks (g — u, d, s) originated from the 
intermediate photon were assumed to get polarization in 
the scattering process. We calculated the corresponding 
polarizations using Eqs. ©-([1]). 

Second, g ^ 7J, i? = S", S, E*, i.e., having been po- 
larized, the quarks combined into the heavier resonances 



TABLE I: Fragmentation spin transfer factors within the 
framework of the SU(6) symmetry. 
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transferring them some fraction of the initial polariza- 
tion. The fractions are defined by the SU(6) fragmenta- 
tion spin transfer factors t^^^ given in Tab. |T] [l6| . 

Third, H ^ A°, i.e., the polarized resonances decay 
into A" transferring, in turn, to the final hyperon some 
fraction of their polarization. The fractions are defined 
by the decay spin transfer factors i^ ffi which are taken to 
be for SO -> AO7, t^j^o = -1/3, for S -^ Att, t^^^ = 0.91 
and for E* -^ Att, i^j,. = 0.93 [13, [H- Of course, in 
general, there must be included another decay modes. 



such as E* 



A-fTT, n 



AK-, n- 



Atttt, but they give very small contribution, which was 
neglected. 

Putting together the three points above, the total con- 
tribution of the indirect processes can be formally written 
as 



P — 7 .^H.Q^K.H^q^ 
q,H 



(13) 



where Pq is the polarization of a quark of flavor q to be 
determined by Eqs. (I6|)-(l9|). A detailed explanation of 
similar calculations can be found in [18| . for instance. 

Having chosen the model parameters as 2Cas — 2.5, 
rriu = rud = 0.33 GeV and nis = 0.5 GeV, we carried 
out the calculations. The polarization dependence on C, 
calculated including the contributions of E", S and E* 
(scattered plot) is shown in Fig. H) We can see a reason- 
able reproduction of the HERMES data (solid points) . 

The pt dependence of the polarization calculated in- 
cluding the contributions of E°, S, E* (scattered plot) in 
comparison with the preliminary HERMES data (solid 
points) is shown in Fig. [5l Here the numerical results 
sufficiently reproduce the experiment as well. 



IV. CONCLUSION 

In this paper, we have calculated transverse A" polar- 
ization in the ep reaction at the 27.6 GeV lepton beam 
energy within an approach, which has been successfully 
applied to the K^p reaction J12i] . As the preliminary 
HERMES data ^] turned out to be qualitatively similar 
with those of K~p [l3| , we assumed that the underlying 
polarization mechanisms of both the ep and K~p reac- 
tions could be similar as well. Thus we supposed the A" 
polarization to originate mostly in scattering of quarks 
coming from the positron projectile. Recalling that the 
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FIG. 4: Dependence of the A'^ polarization on C, calculated 
including the contributions of S", H and E* (scattered plot) 
in comparison with the preliminary HERMES data (solid 
points). The data are taken from [y]. 
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FIG. 5: Dependence of the A polarization on pr calculated 
including the contributions of E", H and E* (scattered plot) 
in comparison with the preliminary HERMES data (solid 
points). There are two kinematic regions with C, < (>)0.25 
shown on the upper (lower) panel. The data are taken from 



quasi-real photon exchange dominated in the HERMES 
experiment, the said above might suggest quark degrees 
of freedom of the photon to play considerable role in the 
polarization process. 

The quark scattering model Jll', T^l has been expressed 
in terms of the light cone variable C, the HERMES data 
depend on. On the other hand, a kinematic restriction 
for values of ^ defined by Eq. pH]) was imposed. One can 
avoid the problem introducing a continuous Ci{f} distribu- 
tion as it has done by PYTHIA. A sufficient reproduction 
of the HERMES data has been reached, the contributions 
from E^, S and E* have been taken into account. For this 
purpose, we also used the PYTHIA program. All our re- 
sults should be regarded only as qualitative. 



The largest difficulty of this model is the parameter 
2Cas since the strong coupling is running, additionally 
it was impossible to derive as from the HERMES data. 

As a further development, another sources, such as 
giuon-giuon fusion etc. [l9|, can be included and treated 
in the same way. It would be also interesting to compare 
our results with those recently obtained in the framework 



of the quark recombination approach [2u\ , they show neg- 
ative polarization when px varies from about 0.2 GeV up 
to about 0.6 GeV for C > 0.25. 

When this work had been already completed, the HER- 
MES collaboration published new data on the A° polar- 
ization [2l|, which are also in well qualitative agreement 
with the calculations presented herein. 
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